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(57)Abstract: 

PURPOSE: To increase energy absorbing quantity and 
reduce reaction at the time of impact by laminating plural 
foam aluminium material with the bulk specific gravity 
being within a specific range, and setting the deformation 
quantity, compressive stress, thickness, constants, and 

the like of the whole laminated body to the specific * » iw- . , 

relation. ' ' a- lyjA ^ .a*; I'VVfc^Q:!?^ ' 

CONSTITUTION: Foam aluminium material with the bulk 

specific gravity being within a range of 0.05-0.6g/cc is 

laminated in plural layers. The relation expressed by a 

separately stated equation as an approximate 

expression is materialized among constants ai, bi and 

thickness Wi univocally determined according to the 

deformation quantity Ri compressive stress ap, thickness 

Wp and respective constants ap, bp of the whole laminated body and the deformation quantity 
Ri, compressive stress ai and bulk specific gravity Gi of single foam aluminium material. An 
impact energy absorbing member made of this foam aluminium is applied to an automobile 
bumper, an impact absorbing pad, a road side fence, or the like. The impact energy absorbing 
member large in energy absorbing quantity and small in reaction at the time of impact is 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Relative bulk density Gi It has the structure which carried out two or more laminatings of the 
foaming aluminum material in the range which is 0.05-0.6g/cc, and they are the deformation Rp of the 
whole layered product, compressive- stress sigmap, thickness Wp, a constant ap, and bp. The 
deformation Ri of single foaming aluminum material, compressive-stress sigmai, and relative bulk 
density Gi The constant ai which responds and becomes settled uniquely, and bi And thickness Wi In 
between, it is [Equation 1] as an approximate expression. 

a bpWp Op a bi * Wi Oi 

Rp =SRi X£n =5 S Xj0n 

100 dp 100 ai 

The striking-energy absorption member made from foaming aluminum in which ****** is materialized. 
[Claim 2] The bumper for automobiles which used the striking-energy absorption member made from 
foaming aluminum according to claim 1 . 

[Claim 3] The impact-absorbing pad which used the striking-energy absorption member made from 
foaming aluminum according to claim 1 . 

[Claim 4] The road-side fence which used the striking-energy absorption member made from foaming 
aluminum according to claim 1 . 

[Claim 5] Interior material which used the striking-energy absorption member made from foaming 
aluminum according to claim 1 . 

[Claim 6] The guard vessel made in the striking-energy absorption member made from foaming 
aluminum according to claim 1 . 

[Claim 7] The manufacture approach of the striking-energy absorption member made from foaming 
aluminum which sticks with adhesives two or more foaming aluminum material from which 
requirements according to claim 1 are satisfied, and relative bulk density differs mutually. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the impact-absorbing member used as interior material 
of an impact-absorbing pad, a guard vessel, a road fence, the bumper for automobiles, and various 
means of transportation etc. 
[0002] 

[Description of the Prior Art] It considers as the impact-absorbing member which absorbs the striking 
energy added from the outside as plastic deformation, and metal foam is used. Unlike rubber, a spring, 
etc. using elastic deformation, metal foam absorbs striking energy by plastic deformation without 
stability, i.e., the process in which foam itself is destroyed. Since the energy once absorbed by elastic 
stability etc. is not given to partner material when using plastic deformation, big impact absorbing power 
is presented. As this kind of metal foam, initial impact absorbing power is raised by carrying out plastic 
deformation beforehand by JP,47-8053,A. Moreover, in JP,49-40214,A, the impact absorber to which 
compressive strength was reduced is introduced by pxmching a right angle to the direction where the 
force is added, and adjusting voidage in 5 - 60% of range. 
[0003] 

[Problem(s) to be Solved by the Invention] Although metal foam presents big impact absorbing power, 
its reaction force at the time of a collision is still large. The reaction force at the time of a collision can 
be reduced by punching metal foam like a JP,49-40214,A publication. However, to an impact parallel to 
the punching direction, the effectiveness by punching is small and an anisotropy is in energy-absorbing 
ability. Moreover, although initial deformation resistance becomes small, as for the metal foam which 
carried out plastic deformation beforehand, the amount of energy-absorbing as the whole decreases. The 
amount of energy-absorbing of this invention is large by being thought out that such a problem should 
be solved and carrying out the laminating of the metal foam from which a property differs, and the 
reaction force at the time of a collision aims at offering a small striking-energy absorption member. 
[0004] 

[Means for Solving the Problem] The striking-energy absorption member of this invention is relative 
bulk density Gi, in order to attain the purpose. It has the structure which carried out two or more 
laminatings of the foaming aluminum material in the range which is 0.05-0.6g/cc. The deformation Rp 
of the whole layered product, compressive-stress sigmap, thickness Wp, a constant ap, and bp The 
deformation Ri of single foaming aluminum material, compressive-stress sigmai, and relative bulk 
density Gi The constant ai which responds and becomes settled uniquely, and bi And thickness Wi In 
between It is characterized by having materialized the relation of a degree type. 
[0005] 
[Equation 2] 

„ bp Wp Op 5 bi • Wi o 1 

Rp =ZRi = x£n = Z X£n 

10 0 Bp ^'^ 1 0 0 ai 
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[0006] This striking-energy absorption member is used as interior material of an impact-absorbing pad, 
a guard vessel, a road fence, the bumper for automobiles, and various means of transportation etc. The 
1st foaming aluminum material and the 2nd foaming aluminum material are stuck in one by soldering or 
adhesives. At this time, it is desirable to pile up through the aluminum plate or foil of a solid so that the 
opening section of each foam may be filled up neither with wax material nor adhesives. When carrying 
out the compression set of the various ingredients, as shown in drawing 1 , according to the description 
of an ingredient, the relation between the reduction of area and compressive stress differs. In addition, 
the reduction of area in drawing 1 is expressed with [(thickness before compression) -(thickness after 
compression)]/(thickness before compression) xlOO(%). In the polyurethane foam currently used widely 
as a charge of an impact absorber, the field which carries out elastic deformation according to the 
applied compressive force is very small, and reaches yield strength A according to slight compressive 
force, then, it becomes the plateau region AB where the reduction of area rises under the compressive 
stress carried out about 1 law. If the reduction of area exceeds a B point, compressive stress will start 
rapidly and will reach C point. The absorbed amount of striking energy is proportional to the integral 
value of the compressive stress shown by drawing 1 . 

[0007] Since there is little elastic deformation of 0-A, polyurethane foam has an advantage with small 
impact reaction force. However, there are few integral values of compressive stress, i.e., the absorbed 
amount of striking energy, and it cannot say it as the outstanding striking-energy absorber. Since yield 
strength is high as compared with polyurethane foam, the elastic deformation of foaming aluminum of 
0-A has increased. If an elastic-deformation field is crossed, it will become plateau region A-B to which 
deformation advances under the fixed compressive stress. In plateau region A-B, crushing of the cell 
wall of foaming aluminum is carried out serially, and plastic deformation advances. If crushing of most 
cell walls is carried out, compressive stress will start rapidly and will reach C point. 
[0008] The compressive stress of plateau region A-B is in high level as compared with polyurethane 
foam. Therefore, as compared with polyurethane foam, the integral value of compressive stress, i.e., the 
absorbed amount of striking energy, is very large, and it turns out that foaming aluminum is suitable as a 
striking-energy absorber. When the compressive force which intersects perpendicularly with the field of 
an aluminum sheet is applied, the aluminum honeycomb which sandwiched the honeycomb between the 
aluminum sheets of two sheets takes the reduction-of-area-compressive-stress curve shown in drawing 1 
as an ingredient 3, so that the front face of an aluminum sheet and the hexagonal prism-like space of a 
honeycomb may cross at right angles. The yield strength A at this time is still higher than foaming 
aluminum, when yield strength A is exceeded, compressive stress once falls, and it results in plateau 
region A-B in which a honeycomb decays successively. 

[0009] Since elastic-deformation region 0-A is large, such an aluminum honeycomb serves as an 
impact-absorbing member which reaction force is large and is inferior in an initial impact absorption. 
Moreover, when compressive stress joins the field of an aluminum sheet, and parallel, a completely 
different reduction-of-area-compressive-stress curve is shown. That is, the impact-absorbing member 
created by the aluminum honeycomb has the large anisotropy of impact absorbing power, and in order to 
acquire expected impact absorbing power, constraint is received in the anchoring posture over partner 
material. If the aluminum cylinder which attached two or more breaks about a hoop direction and shaft 
orientations, respectively is used as an impact-absorbing member, the reduction-of-area-compressive- 
stress curve shown in drawing 1 as an ingredient 4 will be obtained. At this time, the compressive stress 
to apply was made in agreement with cylindrical shaft orientations. Two or more waves seen to the field 
beyond yield strength A show the condition attached to the cylinder that crushing of the alimiinum 
material is carried out for every break. Also in this case, yield strength A is high and a problem is in an 
early impact absorption. Moreover, in radial [ cylindrical shaft orientations and radial / cylindrical ], 
reduction-of-area-compressive-stress curves differ greatly and serve as an impact-absorbing member 
with the problem which originates in the anisotropy of impact absorbing power like an aluminum 
honeycomb. 

[0010] When contrasting various ingredients as mentioned above, yield strength is small, the foaming 
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aluminum with the integral value of compressive stress large moreover has the small reaction force at 
the time of a collision, it excels in an initial impact absorption, and it is suitable that the absorbed 
amount of striking energy is large as an impact-absorbing member demanded. This invention is 
developed that the advantage of the foaming aluminum which presents the property which was excellent 
as an impact-absorbing member should be utilized further. Generally the foaming aluminum made with 
the same ingredient differs in yield strength according to voidage. So, in the impact-absorbing member 
which piled up the foaming aluminum from which voidage differs, if compressive force is added, 
crushing will be carried out to order from what has small yield strength. Therefore, the repulsive force at 
the time of a collision is small, and the outstanding initial impact absorbing power presents. And since 
the place where yield strength depends on big foaming aluminum is large, as for the compressive stress 
in Prato region A-B, the integral value of compressive stress, as a result the absorbed amount of striking 
energy also become large as a result. 

[001 1] The laminating of the foaming aluminum from which voidage differs is carried out by proper 
number of sheets if needed. It is practical to pile up various foaming aluminum for relative bulk density 
as a standard of voidage on the occasion of a laminating. Namely, relative bulk density Gi When 
carrying out two or more laminatings of the foaming aluminum material in the range which is 0.05- 
0.6g/cc, The deformation Rp of the whole layered product, compressive-stress sigmap, thickness Wp, a 
constant ap, and bp The deformation Ri of single foaming aluminum material, compressive-stress 
sigmai, and relative bulk density Gi The constant ai which responds and becomes settled uniquely, and 
bi And thickness Wi In between The physical properties of each foaming aluminum material are chosen 
so that the relation of a degree type may be materialized. 
[0012] 
[Equation 3] 

n bp W9 Op n bi * Wi Gi 

Rp =ERi = Xj^n = 2 Xjgn 

10 0 ap 1 0 0 ai 

The relative bulk density of foaming aluminum is adjusted by the class of foaming agent added to an 
aluminum molten metal, particle size, an addition, foaming conditions, the cooling conditions of a 
molten metal, etc. SiC, aluminum 203, MgO, C, etc. are used for a foaming agent. As aluminum by 
which foaming processing is carried out, ahhough the quality of the material is not restrained specially, 
all aluminum ingredients, such as an aluminum-Si system, an aluminum-Cu system, an aluminum-Mg 
system, an aluminum-Mn system, and a pure aluminum system, are used. 
[0013] 

[Function] when compressive force is applied to the impact-absorbing member which carried out the 
laminating of the foaming aluminum from which relative bulk density differs, relative bulk density is 
small first — if it puts in another way, the 1 st foaming aluminum with low yield strength will start plastic 
deformation, the start point of plastic deformation — the fall of yield strength — responding of a 

collision — it can be set as an early phase. Thereby, reaction force at the time of a collision is made 
small, and striking energy can be absorbed as plastic deformation from an early phase. In the phase 
which follows, the big 2nd foaming aluminum of yield strength deforms plastically. Therefore, plateau 
region A-B shown in drawing 1 is set to level with high compressive stress, and the integral value of 
compressive stress, i.e., the absorbed amount of striking energy, becomes large. 
[0014] this time — the relative bulk density of the 1st foaming aluminum - and by choosing suitably 
under the conditions which showed above combination with the relative bulk density of the 2nd foaming 
aluminum, the reaction force at the time of a collision is fixUy lowered, and a energy-absorbing member 
with a striking-energy absorbed amount big moreover is obtained. Moreover, it also becomes possible to 
give the property according to the purpose of use by changing the laminating number of sheets of the 
foaming aluminum from which relative bulk density differs mutually. The striking-energy absorption 
member which presents the outstanding property is obtained by measuring beforehand the compressive- 
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stress-reduction-of-area curve shown in drawing 1 about each foaming aluminum, and choosing the 1 st 

foaming aluminum 1 and the 2nd foaming aluminum with the voidage corresponding to desired value 

from the above thing. 

[0015] 

[Example] 

Example 1 : (decision of a reduction-of-area-compressive-stress curve) 

About a foaming aluminum ingredient with the various relative bulk density Gn (g/cc), it is the 

reduction of area En. When asked for the relation between (%) and compressive-stress sigman (N/mm2) 

by experiment, it turned out that there is relation shown in drawing 2 . For example, relative bulk density 

had the reduction-of-area-compressive-stress curve shown as G0.05 in drawing 2 with the foaming 

aluminum ingredient which is 0.05g/cc. This reduction-of-area-compressive-stress curve considers that 

it is shovm by the formula (1), and is a constant an. And bn It computes by substituting for a degree type 

(1) the numeric value of the graph obtained in the experiment about the foaming aluminum ingredient 

with each relative bulk density. A calculation result is shown in Table 1 . 

[0016] 

[Equation 4] 

G 0, 01 : £n(o 0. os] ^ £ n (a o. os) + b o. os^ H o. os ' 



Go. I : -Cn(a o. i) =-8n{ao. i) + bo^ 1 XEo. i 
Gn : £Q(oa) = £n(a.)-l-b. xE. 



t • • i • 



(1) 



[0017] When designing the combination of various foaming alvmiirium material, a concrete dimension is 
defined from the target amount of absorbed energies. Then, the relation between compressive stress and 
deformation is needed. Reduction of area En (%) and deformation Rn The relation with (mm) is Wn 
about the thickness of a foaming aluminum ingredient. It is expressed with a degree type (2) when 
(mm). 

En=Rn/Wnxl00.... (2) 

On a design, it is deformation Rp concretely. Since it is required, it is compressive-stress sigmap. 
Deformation Rp It is each relative bulk density Gn so that it may illustrate to drawing 3 , in order to find 
relation. Corresponding sigman Rn The graph of relation is needed. A degree type (3) is obtained from a 
formula (1) and a formula (2). Namely, deformation Rn corresponding to compressive-stress sigman 
Thickness Wn Relation is called for as a formula (3). 
[0018] 
[Equation 5] 

£n(oB)sjen(an} + bn xEa 

«^ii(aii) + b» X XlOO • • • • (3) 

Wn 

[0019] Here, it is an. And bn Each relative bulk density Gn It corresponds and asks with the empirical 
formula. Therefore, Wn sigman-Rn corresponding to it if it sets to arbitration A curve can draw from 
count of a formula (3) ( drawing 4 ). Moreover, the whole thickness Wp It is determined on the service 
condition on a design. Therefore, specified thickness Wp It is Wn so that it may become smallness. It is 
decided that it will be arbitration and a respectively independent reduction-of-area-compressive-stress 
curve is drawn ( drawing 4 ). drawing 4 -- setting - Wp = — time he wants relation Wp =(Gp) WlOO 
(GlOO) of deformation-compressive stress at lOOmm - sigman it is — Rn =sigmaRi at the time Target 
line Wp it rides — as - Wi Several are selected. Specifically, it is drawing 4 sigmal at R> 4. It solves 
and is R3 =R1+R2. Two, W25 and W75, are chosen so that it may become. Namely, Wp It turns out that 
what is necessary is just to pile up two, W25 and W75, although obtained. If this is said by the general 
formula, Wi (Gi) will be chosen so that it may become a degree type (4). 
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[0020] 
[Equation 6] 

R p ^ £ R i 



(4) 



[0021] And it is sigmal and sigma2 for finding the combination of the curve which satisfies this 
relation... sigman It calculates in a try and an error and is Rn =signiaRi. A curve which becomes is 
chosen, this invention person etc. is the value Rp which is in target within the limits from much 
experiments according to a formula (4). It checked being obtained. A formula (5) and a formula (4) to 
desired value Rp changed from the formula (3) The formula (6) to express is called for. A formula (6) is 
an approximation-general formula called for as a result of this invention. 
[0022] 
[Equation 7] 



\ a 



W, 



100 



(5) 



Rp = £Ri 



n 

£ 



r o I 



a I 



Wi 



1 00 



•Xb 



(6) 



[0023] The constant ai in a formula (6) and (an) bi (bn) were calculated as follows from experimental 
data in connection with relative bulk density Gi (Gn) by substituting the actual measurement of drawing 
2 of a formula (1). 
[0024] 
[Table 1] 

«1 :SRft. KCfb. tjiltSG. feOHft 



g/c o 




da 




0. 1 0 


0. I 1 


3. 2 


0.15 


0. 63 


1. 35 


0. 25 


1. 42 


1. 35 


0. 30 


1. 49 


1. 93 


0. 54 


5. 23 


2. 65 



[0025] The data of Table 1, and the relation of a formula (3) to Gn It is thickness Wn when it is 0.1 . If it 
decides, it is compressive-stress sigman. And deformation Rn A graph is Wn freely. It turns out that it is 
made to change and a large number can be drawn. Relative bulk density Gn Value Rp approximated to 
desired value by selecting and compounding a predetermined graph out of the graph changed variously 
It can obtain, concrete — curve Wp of desired value Thickness Wp 1 00mm in the total thickness of a 
design value etc. — setting ~ subsequently — Gi The corresponding constant ai and bi using it ~ 
thickness Wn the formula (3) changed by 100mm or less — every — Gi It receives, and it graph-izes and 
many curves of drawing 4 about a single member are drawn. At this time, it is a certain constant sigman. 
The combination of Curve Wn (Gn) is chosen so that the curve of a single member may surely come to 
left-hand side rather than a target curve about a value. Thereby, it is desired value Rp =R1+R2+... +Rn 
=sigmaRi Curve Wi is partly chosen so that it may be materialized. At this time, it is the total thickness 
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Wp. In the range restrained, it is thickness Wn. Relative bulk density Gn The curved combination which 
it has exists innumerably. Then, in consideration of the ease on manufacture, near and combination 
choose and lay the easiest thing on top of desired value most. Thereby, they are superposition and the 
predetermined desired value Wp about the thing which is relative bulk density and from which thickness 
differed and it differed. The product which it has is obtained. 

[0026] Example 2 ; (investigation of the property which piled up the foaming aluminum from which 
voidage differs) 

In order to raise the viscosity of a molten metal for aluminium alloy AC4C which made 1 5 % of the 
weight of SiC particles with a mean particle diameter of 10 micrometers contain and to promote a 
foaming reaction, it dissolved at 740 degrees C. The air injection shaft was inserted in the obtained 
aluminum molten metal, the compressed air was blown into the molten metal, rotating an air injection 
shaft at the molten metal temperature of 700-650 degrees C, and the foaming layer was formed. After 
carrying out continuation coagulation of this foaming layer on a belt-like rotation cooling object, it cut 
and foaming aluminum with width of face of 600mm, a die length [ of 2000mm ], and a thickness of 
100-200nim was manufactured. At this time, the relative bulk density of foaming aluminum was 
adjusted to the range of 0.05-0.55g/cc by changing the blowing-in flow rate of the compressed air, the 
rotational speed of an air injection shaft, etc. 

[0027] Foaming aluminum of 0.05g/cc of relative bulk density was started on the one-side 80mm cube, 
impulse force was applied, and the relation of reduction-of-area-compressive stress was investigated. As 
drawing 5 R> 5 which shows results of an investigation saw, it was the same reduction-of-area- 
compressive-stress curve substantially also about any of the direction of L, the direction of LT, and the 
direction of ST. This shows that foaming aluminum does not have an anisotropy about the absorbing 
power of striking energy. Next, the obtained foaming aluminum was piled up as shown in drawing 6 . 
That is, sizing of each foaming aluminum was carried out to lOOmmx 100mm magnitude, and the 
thickness of each foam 1 and 2 was adjusted so that the sum total thickness of the 1st foaming alumimmi 
1 and the 2nd foaming aluminum 2 might be set to 1 OOnrni. Moreover, the layered product which stuck 
the 1 St foaming aluminum 1 and the 2nd foaming aluminum 2 was obtained in the adhesives layer 3 
which used urethane foam (test numbers 1 and 2 of Table 2). 

[0028] The impulse force F which goes to an adhesion side direct was applied to the layered product, 
and the amount of energy-absorbing was measured. When the use as an impact-absorbing member is 
taken into consideration, energy-absorbing ability is 2 1.0x10 to 4 J/mm at 80% reduction of area. It is 
yield strength O.lNs/mm above 2 It is required to be the following. Each striking-energy absorption 
member which combined each foaming aluminum under the conditions specified by this invention about 
relative bulk density shows energy-absorbing ability high enough, and yield strength is low so that 
clearly from the table 2 showing the measurement result of the charge of a class cladding metal. On the 
other hand, in that for which relative bulk density used the foaming aluminum of the small test number 6 
as a simple substance, although the reaction force at the time of a collision had become [ yield strength ] 
small low, energy-absorbing ability had a small fault. Moreover, yield strength was high and the 
reaction force at the time of a collision was large what used the foaming aluminum of the test numbers 
7-10 which set up relative bulk density greatly as a simple substance in order to enlarge energy- 
absorbing ability, in addition, by what used polyurethane foam, even if compared with which foaming 
aluminum, it was markedly alike and impact absorbing power showed the low value. 
[0029] 
[Table 2] 
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(J/mm") 




* 

m 
m 


1 


0.06g/cc(5Dta} \ 
Q.15g/cp(50ni) i 


X. 5x 1 
3- OX 1 


0. 04 


2 


Q.05g/co(50mi} ^ 
Q.25e/cc(50DD) ) 


2. BX 1 
8,0X1 0"* 


0. 04 


3 
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[0030] The reduction-of-area-compressive-stress curve was investigated about the impact-absorbing 
member of test numbers 2-4. The reduction-of-area-compressive-stress curve is the curvilinear 
configuration which is not acquired in the monolayer shown in drawing 1 so that drawing 7 which 
shows results of an investigation may see, and the amount of energy-absorbing in 80% reduction of area 
is 2 1.0x10 to 4 J/mm, Yield strength is 2 O.lNs/mm above. The following demand characteristics are 
satisfied. In addition, the yield point was seen for any impact-absorbing member at about 1% of 
reduction of area. The impact-absorbing member of the test number 5 which carried out the laminating 
of four kinds of foaming aluminum from which relative bulk density differs had the reduction-of-area- 
compressive-stress curve shovra in drawing 8 . This impact-absorbing member had the fully small 
reaction force at the time of a collision, and 1 figure of absorbed amounts of striking energy was large. It 
turned out that it is used as an impact-absorbing member which presents from this the property which 
was very excellent. 

[003 1] Example 3 : (prototype of the pad for a side collision test) 

As a buffmg pad at the time of the collision attached in the side face of an automobile, it stuck with 
0.05g [/cc ] relative bulk density as shown in drawing 9 , three foaming aluminum with a thickness of 
100mm and 0.1 Og [/cc ] relative bulk density and two foaming aluminum with a thickness of 100mm, 
and adhesives. It is the total thickness Wp as a design value. It is 500mm. This combination was chosen 
from two kinds of compressive stress and the deformation curve from which the relative bulk density of 
1 00mm thickness differs so that a reduction-of-area-compressive-stress curve might go into the slash 
field shovra in drav^ng 1010 . The obtained impact-absorbing member was pressurized with the 
hydraulic press, and it asked for the reduction-of-area-compressive-stress curve. As shown in drawing 
10 which shows a measurement result, the combination which asked for the piled-up foaming aluminum 
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by design computation went into the slash range field of drawing 10 as the target. From this, it was 
checked that the impact-absorbing member which carried out the laminating of the foaming aluminum 
presents the property which was excellent as a buffing pad for cars with which are satisfied of a design 
value. 

[0032] Example 4 : (use as a bumper for automobiles) 

As shown in drawing 1 1 , foaming aluminum 5 of 0.05g/cc of relative bulk density was cast to the 
facing 4 of a bumper. Since it was formed of cast, foaming aluminum 5 imitated the inside configuration 
of facing 4, and was fabricated. However, cutting of the foaming aluminum may be carried out and the 
obtained foaming aluminum may be pasted up on facing 4 so that it may correspond to the inside 
configuration of not only cast but the facing 4. Al 100 aluminum plate 6 of 1.0mm of board thickness 
was pasted up on the flat field of foaming aluminum 5, and foaming aluminum 7 of 0.25g/cc of relative 
bulk density was pasted up on the aluminum plate 6. Since foaming aluminum 5 and 7 is pasted up 
through the aluininum plate 6, adhesion of eels is avoided. The reinforcement member 8 of an aluminum 
extruded shape was attached in the tooth back of foaming aluminum 7 by adhesion etc. The bumper to 
which the interior of the foaming aluminum 5 and 7 was carried out had small yield strength, and the 
absorbed amount of striking energy showed the big value. From this, there were few impacts given to a 
driver and a riding-together vehicle at the time of a collision, and presenting the property which was 
excellent as a bumper which protects a driver and a riding-together vehicle from a collision was 
checked. 

[0033] Example 5 : (use as a road fence) 

As shown in drawing 12 , a total of four sheets of foaming aluminum 10 and 1 1 of 0.54g/cc of relative 
bulk density, foaming aluminum 12 of 0.25g/cc of relative bulk density, and foaming aluminum 13 of 
0.05g/cc of relative bulk density were pasted up on the established concrete fence 9. Since the front face 
tabular with the hide 14 of a eel was formed, the laminating of each used foaming aluminum 10-13 was 
carried out by app lying adhesives to the front face directly, and sticking them on i t. Thus, the obtained 
road fence had the small reaction force at the time of a collision, and, moreover, the absorbing power of 
striking energy showed the high value. In addition, although the road fence is formed by piling up 
various foaming aluminimi 10-13 in drawing 12 , rubber, synthetic-resin form, an aluminum profile, etc. 
can also be used together with foaming aluminum, without being restrained by this. 
[0034] 

[Effect of the Invention] As explained above, by piling up the foaming aluminum fi-om which relative 
bulk density differs, the impact-absorbing member of this invention has low yield strength, and, 
moreover, is increasing the compressive-stress integral value. Therefore, the reaction force produced at 
the time of a collision is pressed down, striking energy is absorbed with a big absorbed amount, and the 
bumper for automobiles, an impact pad, and the road fence for an impact buffer can be built. Moreover, 
since the reaction force at the time of a collision and the absorbing power of striking energy can be 
adjusted by selection of the relative bulk density of the foaming aluminum to combine, it becomes the 
impact-absorbing member with which are satisfied of the property required of the purpose of use. 

[Translation done.] 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The reduction-of-area-compressive-stress curve about various ingredients 

[Drawing 2] Relation of the reduction of area about a thing and compressive stress from which relative 

bulk density differs 

[Drawing 3] The deformation-compressive-stress curve about that from which relative bulk density 
differs 

[Drawing 4] The deformation-compressive-stress curve for acquiring desired value 

[Drawing 5] The graph which shows that there is no anisotropy in the impact absorbing power of 

foaming aluminum 

[Drawing 6] The impact-absorbing member which stuck two sorts of foaming aluminum from which 
relative bulk density differs 

[Drawing 7] The reduction-of-area-compressive-stress curve of an impact-absorbing member according 
to a laminating condition 

[Drawing 8] The reduction-of-area-compressive-stress curve of the impact-absorbing member which 
carried out the four-layer laminating of the foaming aluminum 

[Drawing 9] The perspective view (a) and sectional view (b) showing the laminated structure of the pad 
for a side collision test 

[Drawing 10] The reduction-of-area-compressive-stress curve of this pad 

[Drawing 1 1 ] The horizontal sectional view (a) and sectional side elevation (b) of an impact-absorbing 
member which were included in the bumper for cars 

[Drawing 12] The perspective view (a) and sectional view (b) of an impact buffer member which were 
applied to the road fence 
[Description of Notations] 

1: The 1st foaming aluminum 2: The 2nd foaming aluminum 3: Adhesives layer 

F impulse force 4: Facing 5 Seven: Foaming aluminum 6: Aluminum plate 8: Reinforcement member 9: 

EstabUshed concrete fence 10-13: Foaming alxmiinum 14: Hide of a eel 



[Translation done.] 
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